Any system which is associated with human assistance needs to be portable, user-friendly and simple in structure. In a navigation system specially built to provide a walking assistance for visually impaired people, it is needed to map the surrounding in terms of a number of obstacles in the path of the person. In this paper, we are going to present a system which is wearable, portable and capable of detecting obstacles from surrounding. The system used ultrasonic sensors which provided a chirp signal. These signals were then processed by NI myRIO1900 which is a Reconfigurable Input-Output device. The programming was done using LabVIEW. The obstacle was mapped in terms of its distance from the user. This mapping was shown as a 2D image with a grayscale and also a 3D pattern which showed all possible projections of obstacles from the front plane.
INTRODUCTION
Human assistance is always referred as a system which is capable of providing an adequate aid for performing necessary tasks. Individuals who are not capable of sensing and detecting the factors from the surrounding need an aid to navigating. These factors can be termed as obstacles. They can be other people who come in the path or a table or a wall. These types of the obstacle can cause an injury to the person who is incapable of detecting them. Hence, it is important to map these obstacles in a specific format which can lead them to the safest path for the navigation. To the present day, we have all advanced systems which provide accurate information about the shape, position and motion of the objects.
But the systems such as camera sensor or RADAR carry a lot of information which is sometimes unnecessary. If we succeed to get the prime factors from the information, it will consume fewer resources. Besides of the existing systems which can detect obstacles, the portable and wearable systems are very rare. Among these rare systems, acoustic systems are more popular. They have some prime advantages over other systems. Camera sensors fail when the light exposure is not enough. One cannot guarantee the accurate operation of the camera in the dark. On the other hand RADAR, sensor carries a lot of information because of its high frequency and needs more hardware to operate and process the information. Acoustic sensors work on low frequency than that of RADAR typically in the range of 40 KHz [8] . They carry lesser information and need lesser hardware than RADAR. Because of the use of the acoustic signal, these sensors can detect obstacles in dark as well where other visual sensors fail. Acoustic sensors are capable of extracting the prime features of the shape, position and motion of the obstacles. A system such as SONAR uses acoustics for range detection. The detection of obstacles which are on and nearby the path to be followed can provide a real-time map of the environment. By carrying out a number of successive experiments, one can prepare a database of the particular area. This can be used as a template for the other users, increasing the reliability of the system. Our goal is to design a system based on the previous experiments based on acoustic sensors. We have proposed a system which uses acoustic sensors. This system is wearable and portable, uses a completely new method and hardware which can overcome the flaws caused by other systems. The mapping of the obstacles is done based on their 2D and 3D structure.
PREVIOUS WORK AND LITERATURE REVIEW
One of the popular systems is a sensor cane. We often find people who are struggling to find their way with the help of this cane [7] . The main disadvantage of it is that it cannot provide information about the nature, shape or accurate position of obstacles, which makes it unsafe for the use and can also cause a mental stress on the person who is using it. Also, it fails to provide an ease of access to the user as the hands are busy in holding the system. Among the existing wearable systems, use of sensor over the body is popular method [5, 7] . Most of the times, garments, jackets are used to mount the sensors. But if we consider the flexibility of the cloth, these sensors may not give a right indication about the possible obstacle on the path. Systems which are using audio devices are not reliable. They cannot map the actual positions of the obstacle. Use of camera needs more data. Also, the signal Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. processing unit may not be able to get modified if more hardware is to be added. The durability of the cloth used in the garment can also be a concern. The positioning of the sensor is an important thing. Existing wearable systems consider only major obstacles like wall, door, edge or stairs which reduce the reliability of these systems. Nowadays systems are also classified on the basis of representation of the corresponding output. In order to have a risk-free operation of the system and to get an ensured safety, different experiments are carried out which may give an actual realization of the surrounding. Many times, the output is put forward through visual or audio aids. Also, this mapping is only limited to the user. For example the array of vibrators [1] . The user is apprised of the possible obstacle in his path by creating vibrations over the corresponding side of the body. The other user cannot access data from this system. Also, the mapping can be done in a grid format which gives us a two-dimensional view of objects which may fail to show the possible projections of the obstacles in the plain [2] . Some systems use audio devices for the assistance, mapping of the obstacles. However, the audio systems cannot be as precise. We might get wrong information because of the interference. Considering the flaws occurred in each system, we propose a new system which is wearable, portable and capable of providing information about the position of obstacles in two-dimensional and three-dimensional mapping.
PROPOSED SYSTEM
The proposed system consists of three phases. The first phase is responsible for the signal generation, transmission, and reception. This is achieved by using the ultrasonic sensor array. We have used HC-SR04 sensors which work on 5V supply and generate a chirp signal with a frequency of 40 KHz. This phase is followed by the signal processing phase and the output phase. The system can be shown as in the figure given below,
Figure 1. Proposed System
The signal processing is achieved by using NI myRIO1900 [9] . This is a completely new approach towards the systems which are used in signal processing. NI myRIO1900 (we will refer it by name 'myRIO' in future) is a Reconfigurable-Input-Output device manufactured by National Instruments. This device has an onboard Xilinx FPGA and dual-core ARM Cortex-A9 processor. It can be programmed by using LabVIEW or C coding for different types of programming levels. It works on 6-16V input power supply. It has 40 digital input-output pins. It also provides a bunch of analog inputs. This device also provides features like Wi-Fi module, accelerometer. External hardware can be easily linked with the board. This board is programmed using LabVIEW. The array of ultrasonic sensors is connected to myRIO. All the necessary connections are done by configuring input-output ports of myRIO. When the LabVIEW code is running, sensors are triggered through the input-output ports of myRIO. The echo is received and sent back to the LabVIEW platform. It performs pulse width modulation to get the elapsed time which can be referred as a time of flight. The time of flight can be used to detect the accurate distance between the sensor and the obstacle. The detection of the obstacle provided by each sensor can be converted into a 2D map. The 2D map is a reduced version of 3D map. The X dimension is nothing but the width and the Y dimension is height. The third dimension, Z, can be represented in terms of the different grayscale levels [10] . We can differentiate these levels as in table 1 given below. For the safety purpose, we have set a limit of 2m for each sensor. It means the distance which is greater than 2m will be considered as the farthest point. If "d" is the respective distance then, grayscale can be formulated using the following equation.
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Where the term (d/2) can be referred as the normalized distance. It can be calculated by using the time of flight which is calculated using the pulse width modulation. If the typical speed of the sound is 'v' and 't' is the time of flight calculated for one sensor, then the corresponding distance can be calculated as below,
The 3D mapping is represented in terms of the projections offered by each plane. These projections are implemented using MATLAB.
Single Sensor Operation
Initially, we tested the working of the single sensor. The basic purpose of this experiment was to determine two major factors. First is the accuracy in measurement of the distance. As shown in figure 2, we connected a single sensor to myRIO which was programmed using LabVIEW. We placed an obstacle with the plain surface in front of the sensor.
Figure 2. Single sensor experiment
For an experiment purpose, we took readings of 12 sets of distances ranging from 0.1m to 1.2m. We calculated the mean of reading which calculated in each set of the distance. As we know that HC-SR04 provides a minimum range of 0.02m, the calculated distances do not differ by a large distance. We almost got the accurate readings for all 12 sets of distances.
In order to calculate the distance, we need to know the time of flight for one send-receive operation of a sensor. The typical velocity of the sound in air at room temperature is 340m/s. considering all these values, we took all the measurements. Table 2 shows us the relation between the actual distance and measured distance. Considering these values, we can calculate the average error caused by the system to calculate the distance. The statistical analysis of the experiment can be shown as below. The signal also showed a variation after detecting an obstacle in the path of the sensor. The chirp signal undergoes through the variation in the width of the echo signal. Smaller is the width, closer is the distance. This can be explained from the figure 6. 
Three Sensors Operation
On the basis of the single sensor system, we built a three sensor system in which three sensors were connected in an array. Each of 7a) . From the figure, it can be deduced that the lefthand side has an obstacle which is closer. The central zone has an obstacle on a greater distance. The right-hand side has no possible obstacle in its path.
Nine Sensors Operation
The three sensor system is efficient but has some disadvantages. Though it covers three directions left, front and right, it fails to find the obstacles which are hanging in the air or which are on the ground. Taking the human safety under consideration, one must be aware of the all possible types of obstacles and all possible positions of the obstacles. We created a matrix of 3x3 sensors so that I can detect different obstacles from nine different angles. The system is as in figure 12. (a) (b) As we can see in the figure. 9, because of the adjacent sensors, the zone is divided into a number of sub-zones. Zone II is the zone where the middle sensor alone can detect an obstacle. In the zone, I left and middle sensor both will detect an obstacle. Hence, it is difficult to predict the exact position of the obstacle because, for left-hand side sensor, other obstacles are also responsible for the detection. So it fails in detection and differentiating multiple obstacles. This type of arrangement is useful for the system where the features of a single obstacle are needed to be extracted. This is useful in shape recognition of obstacles as different sensors can give a common point which can form a locus or the surface of the obstacle placed in front of the system. For the multiple obstacle detections, we modified the existing nine sensor system which is capable of detecting 9 different obstacles.
Modified Nine Sensors Operation
Modified System is capable of detecting nine different obstacles from nine different angles. Resulting in a larger detection zone. While creating a map, it is necessary to put important information about all the obstacles nearby. When a person is walking, the common human tendency is to deviate from the path. People often try to walk off the track. We have considered all the prime directions in which a person can possibly move. The systems are as in figure given below. Figure 11 is an experimental representation of the system. In future, we can reduce the size of the system. The jacket cloth can be used [1] in order to have a perfect wearable system. Also, the RIO can be replaced by a working ASIC which will reduce the area and power. We worked on few scenarios to test the functioning of the system. We plotted the each scenario using the 2D map. Following figures show the mapping and the scenarios. We have considered the normal speed of walking in all of the experiments. Also, all reading are taken when the user is stationary state and also when the user is in motion state. The figures given above show a 2D representation. This one-toone mapping makes a complete sense about the possible position of all the obstacles around the person who is walking. White areas indicate the safe zone whereas the grayscale indicates the presence of an obstacle. Darker is the obstacle, closest is the distance. Figure  12a can approximate the position of the bucket which is sensed by the center-bottom sensor. In figure 12b , the map resembles with the situation where the RHS of the image indicates the presence of the wall and the LHS indicates the presence of chair which is sensed by the middle sensor, Figure12d shows the exact path to be followed when we have two obstacles on two different sides. Similarly for figure 12c and e, we can get the exact mapping between obstacles. The 3D map can be generated for the each 2D map section. This 3D map is in the form of projections coming from the front plane. We consider a 2m x 2m box as a reference for the entire operation. Each square in 2D map is normalized to a square of distance 2/3 x 2/3 m that is the one-third of the box length. It can be explained using a figure 22 which shows a one-toone mapping between 2D and 3D structure.
Figure13. Projection 3D mapping and 2D mapping
This 3D mapping can be used as a template for the other users. In figure 22 , we can see that the upper right corner is dark black, that means the obstacle at that position is very closer to the user and it is dangerous to walk into that direction. If you compare it with 3D map, you can get an actual visualization of the nature of that obstacle. The square having smaller projection is the safe path for the movement. This mapping provides an actual overview of the front plane for the user. While walking, the user can correlate this map with the actual position and projections in surrounding. The myRIO provides a facility of sending and updating the data on a web server. Hence, people who are using the same system can manipulate their navigation on the particular place depending on the map created by one user.
ADVANTAGES OF THE PROPOSED MODEL
Following items can be considered as advantages of proposed system:

The proposed system is made portable using the external power supply. This power supply was built using dry cell batteries which make it light in weight. For the better performance, they can be replaced with the efficient batteries.
The system provides a completely wireless operation for the LabVIEW platform. It can even be operated using the Internet Protocol address. Which makes it more flexible. So when our system is connected to the web server, it can be accessed from anywhere.  FPGA on myRIO provides a simple and efficient operation. It adds the flexibility in data. It can be reprogrammed several times without any trouble.  The sensor array is very light in weight. Unlike the cloth or garment systems, it can last for a comparatively longer time.  Sensors are very light and efficient, they can be easily programmed, attached or detached.  This is the first attempt to use of the myRIO in such systems and we found it very much efficient. Furthermore, things can be modified in order to have a completely user-friendly operation.
CONCLUSION AND FUTURE WORK
In this paper, the new method for obstacle detection and human assistance was proposed. Our aim was to use the less hardware and the less data for the detection. This system is efficient of detecting obstacles from nine different angles. Unlike the previous system, we were able to make the system portable, accurate and simple in nature. We successfully built and tested the model. The system is efficient and flexible as compared to the previous wearable systems. NI myRIO makes the system portable. We successfully plotted the 2D and 3D maps of the obstacles. All the readings had the nearest value of the distances with the error of 0.8 %. The motion measurement was calculated with the error of 2.6%. The system worked up to the mark with the average efficiency of 97%.
In future, the sensors can be replaced with the small sensors which are highly directional, and will increase the accuracy of the system and occupy less space. The myRIO provides an onboard accelerometer which can be used to determine the level and tilt and it is very useful when the user is crawling or walking on the staircase. Also, the use of vibrational sensor array makes it more reliable. It can make user apprised of the possible obstacle on his way. We can implement the same system in an Application Specific Integrated Circuit (ASIC) which will reduce the area of the system. Because of the highly dedicated chips, we can improve the performance of the system.
